The role of fire in the maintenance of oak-dominated ecosystems is widely recognized. Fire exclusion results in structural and compositional shifts that alter fuelbed composition and structure, together influencing fire behavior and effects. To clarify the influence of overstory structure on fuels and fire intensity in oak woodlands and savannas, we examined fuelbeds across a gradient from open grassland to Douglas-fir-(Pseudotsuga menziesii (Mirb.) Franco) invaded Oregon white oak (Quercus garryana Douglas ex Hook.) woodland in the Bald Hills of Redwood National Park, California, USA. Herbaceous mass decreased markedly from a high in grasslands (3.38 Mg ha -1 ) to a low in invaded woodlands (0.03 Mg ha -1 ), whereas leaf litter and woody fuel mass increased substantially along this gradient. Mean fire temperatures at 30 cm height ranged from 74.7 °C in invaded woodland up to 207.9 °C in grassland. Highly flammable grassland and savanna communities maintain heavy herbaceous mass, but low woody mass, favoring quickspreading, relatively high-intensity fires. The encroachment of Douglas-fir into grasslands and oak-dominated communities dampens flammability through changes in fuelbed composition and structure (e.g., the replacement of herbaceous fuels with woody fuels), underscoring the necessity for ecological restoration efforts that focus on fuelbed structure in addition to other common restoration goals.
INTRODUCTION
Fire influences the structure and composition of savanna and woodland ecosystems worldwide (e.g., Higgins et al. 2000 , Peterson and Reich 2001 , Hoffmann and Solbrig 2003 , Bond and Keeley 2005 . Past research has focused on potential mechanisms dictating the distribution and structure of woody and herbaceous vegetation in these ecosystems, most notably, fire (Scholes and Archer 1997 , Hoffman 1999 , Beckage et al. 2009 ). Where fire is excluded from woodlands and savannas, substantial changes occur (Grossmann and Mladendoff 2007 , Hiers et al. 2007 , Peterson et al. 2007 . Frequently, increases in woody stem densities and advancement of forest boundaries lead to shading of herbaceous layers ) and development of organic forest floor horizons (Varner et al. 2005 , Hiers et al. 2007 , two processes that not only threaten biodiversity but alter fuel structure and characteristics of fire regimes.
In the Pacific Northwest region of the US, fire exclusion has resulted in a suite of structural and compositional changes in Oregon white oak (Quercus garryana Dougl. ex Hook.) woodlands and other plant communities. Increases in stand density (Thilenius 1968) , advancement of woody vegetation into adjacent grasslands , Magee and Antos 1992 , Fritschle 2008 , and changes in stand structure (Hunter and Barbour 2001, Peterson and Hammer 2001) have been reported throughout the region. Of notable concern is the success with which a native conifer, Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco), has invaded oak woodlands and grasslands in the absence of frequent fire , Agee 1993 , Barnhart et al. 1996 , Tveten and Fonda 1999 , Fritschle 2008 . Douglas-fir encroachment shifts understory composition toward shade tolerant species (Thysell and Carey 2001, Devine et al. 2007) , alters understory microclimate , and importantly, changes fuelbed structure (Figure 1 ). In stands where Douglas-fir becomes dominant, the shorter stature and shade intolerant oaks are shaded, leading to crown retreat and eventual oak mortality (Devine and Harrington 2006), eliminating a primary fuel source, Oregon white oak leaf litter.
While the exclusion of fire from Oregon white oak woodlands leads to significant structural and compositional shifts, the implications for fire regimes and the underlying mechanisms affecting differential flammability have been widely overlooked in past research. Changes in species composition and community structure affect fuelbed properties such as fuel mass, moisture, and bulk density, each influencing fire behavior (Rothermel 1983) . The interaction between plant traits and flammability has gained interest since Mutch (1970) hypothesized that some fire-adapted plants evolved flammable traits to exclude invading, fire-sensitive species. Though some authors have criticized the hypothesis in part-citing the potential for flammable traits to be confounded by other selection pressures, and its implication of group, as well as individual, selection (Snyder 1984 , Troumbis and Traubad 1989 , Bond and Midgley 1995 -numerous works still entertain the idea that flammable plant traits offer enhanced fitness in fire-prone environments (Bond and Midgley 1995 , Fonda 2001 , Schwilk and Kerr 2002 , Gagnon et al. 2010 . Prominent examples of fire-facilitating plant communities include longleaf pine (Pinus palustris Miller)-oak in the southeastern United States (Glitzenstein et al. 1995) , Gambel oak (Quercus gambelii Nutt.)-ponderosa pine (Pinus ponderosa C. Lawson) in the southwestern United States (Abella and Fulé 2008) , savannas of northeastern South Africa (Govender et al. 2006) , and Brazilian cerrado (Hoffman 1999), among others. Plant modifications to their immediate environment that lead to differential flammability has been termed niche construction (Schwilk 2003) , and recruitment of fire-sensitive species in these fire-prone environments may be mediated by fire intensity generated by flammable fuels provided by firefacilitating species (e.g., Rebertus and Burns 1997 , Fonda 2001 , Kane et al. 2008 , Beckage et al. 2009 ). Species with less flammable leaf litter or that suppress understory herbaceous fuels may inhibit fire spread in their proximity, lengthening fire return intervals and altering species composition and structure (Kane et al. 2008) . To date, few studies have quantified the underlying mechanisms affecting differential flammability in woodlands and savannas, and no studies have addressed this question in structurally heterogeneous Oregon white oak ecosystems.
One example of a landscape where fire shapes community composition and structure is the Bald Hills of Redwood National Park, characterized by a structural gradient from forest-woodland-savanna-grassland ( Figure 2 ). Our primary research objective was to understand the pattern of fuelbed change across this structural gradient, shedding light on the mechanisms driving differences in flammability, a hypothesized mechanism responsible for the maintenance of community structure. To accomplish this, we sought: 1) to quantify fuelbed mass of herbaceous, woody, and litter components; 2) to compare fuelbed bulk density and fuel moisture; and 3) to estimate fire temperature heterogeneity across the structural gradient. With these data, we tested the following hypotheses: 1) fuelbed components will differ significantly across the structural gradient, leading to differences in flammability; 2) differences in flammability will result in differences in measured fire temperature (a proxy for fire intensity) across the structural gradient; and 3) Douglas-fir invasion will result in decreases in herbaceous fuel mass and increases in woody load and bulk density, resulting in dampened flammability (niche construction) when compared with the other structural communities. Findings of this study offer particular relevance to managers faced with the invasion of fire-sensitive species in fireprone ecosystems, documenting how community structure alters fuelbeds and, therefore, the ability of managers to meet restoration objectives with managed fire.
METHODS

Site Description
We located study sites in the Bald Hills of Redwood National Park, an area encompassing approximately 1700 ha of Oregon white oak woodlands and grasslands that divide the Redwood Creek and Klamath River drainages in northwestern California, USA. Since 1993, park managers have instituted a robust prescribed fire program in the Bald Hills, burning 202 ha to 809 ha annually, with an approximate 3 yr to 5 yr fire return interval for individual sites. Primary objectives of this burn program include control of Douglas-fir invasion in oak woodlands and grasslands and maintenance of native herbaceous species richness (Underwood et al. 2003) . The Bald Hills are dominated by Oregon white oak woodlands intermixed with grasslands, with Douglas-firtanoak (Lithocarpus densiflorus [Hook. & Arn.] Rehder) forests occurring at woodland and grassland margins. Douglas-fir-tanoak forest historically occurred on relatively mesic sites in the Bald Hills (lower slopes, drainages, and north aspects), but has expanded dramatically since 1900 following removal of Native American tribes, widespread fire exclusion, and anthropogenic activities (Underwood et al. 2003 , Fritschle 2008 Burn units were systematically surveyed and sites representing five structural community types including grassland (n = 25), oak savanna (n = 11), oak cluster (n = 15), oak woodland (n = 15), and invaded woodland (n = 10) were randomly selected for analysis ( Figure  2 ). Plots were selected in areas where managers anticipated heading fires (fires moving with the slope and in the direction of surface winds) to minimize variation in fire intensity independent of fuels. The five structural communities were selected because they appeared to differ in fuelbed composition and structure, and past research has questioned the prevalence of various stand structures (e.g., single-stem vs. cluster) in the Bald Hills under varying fire regimes . In addition to the five structural communities, we established eight plots in oak woodland with an understory dominated by California fescue (Festuca californica Vasey), a notably flammable native grass (Hastings et al. 1997) . Values for herbaceous mass from the fescue plots were included in the analysis of herbaceous mass across all structural community types. Across all plots, slopes averaged 30 % (SE = 1.2 %), while aspects ranged from SE to NW (mode = SW). Rocky outcrops, seeps, water courses, slumps, and areas of concentrated rodent (e.g., gophers [Thomomys spp.] and voles [Microtus spp.] ) activity (with correspondingly reduced herbaceous vegetation) were avoided to minimize variation in site factors influencing fuelbed metrics.
Fuelbed Sampling
Fuels were sampled in four strata, including woody, leaf litter, total herbaceous (live and dead combined), and shrub surface fuels over two field seasons (2008 and 2009) . Rainfall recorded by the Schoolhouse Peak Remote Automated Weather Station (http://raws.wrh. noaa.gov/roman/) as of 1 June 2008 was 120.9 cm but slightly less on the same date in 2009 (107.6 cm). Sampling occurred after 1 August during both seasons to allow herbaceous species time to cure. Schoolhouse Peak and Copper Creek burn units were sampled in season one, while Coyote Creek was sampled in season two (no plots were re-sampled). A plot consisted of three 25 cm × 50 cm subplots located at a random azimuth, approximately 1 m to 2 m from an oak stem (unless in grassland). Grassland plots were located using a random azimuth approximately 5 m from adjacent oak crowns. The three subplots were averaged at the plot level for all analyses. Herbaceous, shrub, and litter mass within each subplot was clipped approximately 1 cm from ground level and removed, bagged in polypropylene bags, and transported to the lab for drying and weighing. Fuels were dried in a convection oven at 70 °C for 72 hours. One hour and 10 h (<2.54 cm diameter) woody fuels were destructively sampled from subplots in the first sampling season, while the planar intercept method (Brown 1974 ) was employed to estimate 1 h, 10 h, 100 h, and 1000 h woody fuel loading in the second sampling season. Sampling planes were located to intersect each subplot; fuel time-lag classes including 0 cm to 2.54 cm (1 h and 10 h), 2.54 cm to 7.62 cm (100 h), and >7.62 cm (1000 h) diameter woody fuels were sampled from 0 m to 2 m, 0 m to 4 m, and 0 m to 11.3 m along each sampling plane, respectively. Specific gravity and mean particle diameter for 1 h and 10 h woody fuels were measured on a subsample (1 h: n = 26; 10 h: n = 18) of fuels to provide speciesspecific values for coefficients used in calculations (Brown 1974) .
To estimate fuelbed bulk density (kg m -3 ), fuel depths were measured in each subplot prior to any destructive sampling to estimate fuelbed volume (25 cm × 50 cm frame area × measured fuelbed depth). Herbaceous fuel depth was estimated following methods of Brown (1981) at six systematically placed points in each subplot. Fuelbed bulk density was calculated in two ways: herbaceous mass divided by fuelbed volume (ρ b h), and a com-bination of herbaceous, shrub, 1 h and 10 h woody fuels, and litter mass divided by fuelbed volume (ρ b tot).
Given the importance of fuel moisture in surface fire spread and intensity (Rothermel 1983) , live herbaceous and 10 h woody fuel moisture were sampled across the five structural communities (n = 5 replicates of each) on four afternoons in late summer, 2008. Herbaceous and woody fuel moistures were not sampled on the same sampling day due to time constraints. Live herbaceous fuel moisture was estimated by clipping a 20 g to 35 g (ovendry weight) sample at ground level on the south side of tree stems, unless in grassland. Live herbaceous moisture was not sampled in invaded woodland since these sites harbored little to no herbaceous biomass. After clipping, samples were placed in sealed polypropylene bags and transported in a cooler back to the laboratory where they were weighed and placed in a convection oven at 70 °C for 72 h. Sampling occurred on two dates (29 August 2008 and 20 September 2008) between 1200 h and 1600 h to minimize variations in environmental conditions (Agee et al. 2002) . Woody fuel moisture was estimated across all five structural communities with standard 10 h fuel moisture sticks (n = 5 replicates of each community type). Sampling occurred on two dates (16 September 2008 and 22 September 2008) between 1200 h and 1600 h.
To characterize important species contributing to fuelbed components at the study site, understory species cover was surveyed in a subsample of plots (grassland: n = 10; oak savanna: n = 6; oak cluster: n = 10; oak woodland: n = 10; invaded woodland: n = 5). Within each 25 cm × 50 cm subplot, two observers estimated percent cover for each species and bare ground (non-vegetated) using a modified Daubenmire (1959) cover scale with five cover classes (<10 %; 10 % to 25 %; 25 % to 50 %; 50 % to 75 %; >75 %). Cover class mid-point values were used for all analyses, assuming that actual values were symmetrically dispersed about midpoints (Bonham 1989) . In all plots with an overstory present, diameter at breast height (1.37 m, dbh) was recorded for the plot tree (e.g., single-stem or cluster); in oak woodland and invaded woodland sites (where more than one individual tree was present), dbh was recorded for all stems greater than 5 cm in 0.04 ha circular plots.
Fire Temperature
Fire intensity (i.e., energy output; Alexander 1982) has been linked to fire effects on vegetation across a wide range of ecological studies (e.g., Gibson et al. 1990 , Glitzenstein et al. 1995 , Govender et al. 2006 . Heterogeneity in fire intensity across plant communities is a potential mechanism influencing community composition and species demography (Moreno and Oechel 1993, Hoffman 1999) . Fire temperatures obtained from thermocouples and pyrometers have been used as surrogates for fire intensity (Iverson et al. 2004 , Kennard et al. 2005 , Wally et al. 2006 , although these devices actually reflect temperatures of the devices themselves. Thermocouples, opposed to pyrometers, provide temperature duration data, which are more relevant to fire effects than instantaneous maximum temperature (Bova and Dickinson 2008) . Pyrometer data, however, have been shown to correlate well with mean and maximum temperatures recorded by thermocouples (60 % to 82 % of the variation; Kennard et al. 2005 ) and temperatures obtained from other devices (Iverson et al. 2004) , and have great utility for comparison of temperature regimes within a site (Wally et al. 2006) . We constructed metal pyrometers with 13 Omegalaq temperature-sensitive paints (Omega Engineering Inc., Stamford, Connecticut, USA; temperatures range from 79°C to 649 °C) applied to thin copper tags (15 cm × 2.5 cm × 0.255 mm thick) in adjacent non-overlapping strips.
Pyrometers were wired to metal conduit and erected 30 cm above ground, with four per plot. The four py-rometers were averaged at the plot level for all analyses. Manufacturer's protocols were followed to assess melting of paints, using two observers.
Prescribed burns were conducted by Redwood National Park managers in the fall of 2008 (Table 1) . Prescribed fires in the Bald Hills are generally conducted in the fall due to the sensitivity of the California oatgrass (Danthonia californica Bol.) to spring burning (Arguello 1994). The Coyote Creek unit was scheduled for burning in fall 2009, but the burn was not accomplished because prescription weather was not met. Additionally, not all plots within burned units burned; these were removed from analysis, leaving a total of 112 pyrometers across 28 plots.
Data Analysis
Descriptive statistics were calculated at the structural community level for all measured fuelbed components. Individual one-way analysis of variance (ANOVA) tests were conducted to determine significant differences among structural communities for each fuelbed component measured: 1 h, 10 h, 100 h, 1000 h sound and rotten woody fuel; shrub, fern, herbaceous, and litter fuel mass; herbaceous and woody fuel moisture; herbaceous and total fuelbed bulk density; cover of bare ground; overstory basal area; and fire temperature. If differences were detected, the conservative Tukey-Kramer multiple comparison test was conducted to compare all pair-wise differences. Residual plots were examined to assess normality (normal probability plots) and homoscedasticity (residuals versus fitted value plots). If data failed to meet assumptions of normality or homoscedasticity, square root or logarithmic (log10) transformations were employed. If data persistently failed to meet assumptions for ANOVA despite transformations, a non-parametric Kruskal-Wallis test on ranks was employed, followed by a non-parametric Kruskal-Wallis multiple comparison Zvalue test with a Bonferroni test value. General Linear Models ANOVA was employed to test for differences in herbaceous mass by structure, year, and the structure × year interaction. Individual two-sample t-tests (twotailed) were used to test for differences in herbaceous mass for each structural community type by sampling year (2008 vs. 2009 ). Linear correlation analysis was conducted to determine associations between overstory basal area (m 2 ha -1 ) and herbaceous, litter, and fine woody fuel mass (1 h and 10 h). Linear correlation analysis was also conducted with herbaceous mass (response) and litter mass (predictor), and with fire temperature (response) and individual fuelbed components (predictors). Statistical significance was assessed at α = 0.05 and all analyses were performed using Statistical and Power Analysis Software (NCSS, Kaysville, Utah, USA).
RESULTS
Fuelbed Components
Fuelbed components varied markedly across the structural gradient from grassland to invaded woodland, with mean values differing = 6.99, P = 0.13) strata. Herbaceous mass decreased substantially from grassland to invaded woodland (F 3, 62 = 17.0, P < 0.001), while leaf litter and woody mass increased along this gradient and were positively related to overstory basal area ( Figure 5) tions for herbaceous mass were not significant (F 3, 58 = 2.26, P = 0.09).
Live herbaceous fuel moisture was substantially drier in grassland (16 % to 37 % fuel moisture lower; Table 2 ) compared to oak woodland on both sampling dates (P = 0.005 and P = 0.01, respectively), although significant differences were not found among savanna, cluster, and woodland communities. Ten hour woody fuel moisture was slightly moister in invaded woodlands compared to grasslands (~1 %) and differed significantly by community type on both sampling dates (P = 0.02 and P = 0.01, respectively) ( Table 2) .
Variability in cover was generally high for both native and non-native grasses. Herbaceous mass was dominated by non-native grasses, with dogtail (Cynosurus echinatus L.) (CV = 63 %), tall oatgrass (Arrhenatherum elatius [L.] P. Beauv. ex J. Presl and C. Presl) (CV = 96 %), and orchard grass (Dactylis glomerata L) (CV = 114 %) being the most common, collectively comprising nearly 40 % cover (Table 3) . California brome (Bromus carinatus Hook. & Arn.) (CV = 132 %) and blue wildrye (Elymus glaucus Buckley) (CV = 78 %), the most frequently encountered native, perennial grasses, comprised less than 10 % cover together. The non-native annual grass, dogtail, was present in all plots and at the highest cover, although it was lower in oak woodland (mean cover = 16.5 % compared to 40.6 % in grassland). Percent cover of bare ground (i. e., non-vegetated) increased drastically from grassland (11.2 %) to invaded woodland (87.5 %; F 4, 36 = 27.19, P < 0.001). Cover of bare ground in grassland differed significantly from all structural community types except savanna (P < 0.001).
Invaded woodland had the greatest woody fuel mass in the 1 h, 10 h, and 1000 h timelag categories (Figure 4 ), although variability was high for 1000 h sound (CV = 143.6 %) and rotten (CV = 96.1 %) logs. Leaf litter was nearly absent in grassland plots but heavy in invaded woodland. One-hour woody fuel loading did not differ among savanna, cluster, and woodland, but was substantially greater in invaded woodland (Kruskal-Wallis Z-value test; P < 0.001). Ten-hour woody fuel loading was lower in savanna compared to woodland and invaded woodland, where it was greatest (F 3, 47 = 12.04, P < 0.001). One-hundred-hour woody fuel loading was more variable than other woody classes and did not differ among treedominated plots (F 3, 27 = 0.45, P = 0.72) (Figure 4) . Large woody (>7.62 cm diameter) fuel loading was quite variable and did not differ significantly among tree-dominated plots, with the exception of 1000 h rotten logs, which had significantly more mass in invaded woodland than in all other communities (Kruskal-Wallis; χ 2 3 = 18.45, P < 0.001).
Overstory basal area (m 2 ha -1 ) differed by structural community type (F 4, 36 = 193.04, P < 0.001) and was negatively correlated with herbaceous mass (r = -0.83, P < 0.001). Strong positive correlations were found between live overstory basal area and fuel mass in the litter (r = 0.80, P < 0.001), 1 h (r = 0.89, P < 0.001), and 10 h (r = 0.87, P < 0.001) woody fuel strata ( Figure 5 ). Herbaceous mass was strongly negatively correlated with litter mass (r = -0.85, P < 0.001).
With few woody fuels and deep fuelbeds, grassland had the lowest values for total fuelbed bulk density (ρ b tot = 5.44 kg m 
Fire Temperature
Results revealed a decreasing trend in fire temperatures, as approximated by pyrometers, across the gradient from grassland (207.9 ±19 °C) to savanna (202.1 ±62.9 °C), to cluster (184.9 ±29.3 °C), to woodland (190.4 ±31.5 °C), to invaded woodland (74.7 ±19.6 °C). However, due to limited replication and within-treatment variation in measured temperature (CV = 33 % to 54 %), differences among structural community types were not significant (F 4, 23 = 1.53, P = 0.23) ( mass (r = 0.52, P = 0.004), as well as a negative correlation between fire temperature and 1 h and 10 h woody fuel mass (r = -0.47, P = 0.01) (Figure 6 ). Additional variation in measured fire temperature could not be explained by including more explanatory variables in a multiple regression model (e.g., live fuel moisture, 10 h fuel moisture, fuelbed bulk density, or slope).
DISCUSSION
Mechanisms of Community Flammability
While past research in Oregon white oak woodlands has documented changes in stand structure and conversion to Douglas-fir forest following fire exclusion , Barnhart et al. 1996 , the findings of this research highlight the importance of fuelbed-scale variation in community flammability following changes in community structure. Across the gradient from grassland to invaded woodland (Figure 2 ), the greatest fuelbed discrepancies were observed between the beginning (grassland) and end (invaded woodland) of the spectrum. Fuelbed characteristics typical of grasslands (low bulk density, heavy herbaceous mass, low fuel moisture) are inverted with Douglas-fir invasion, resulting in woody fuel recruitment, reduced herbaceous mass, and, ultimately, lower community flammability. Greater overstory shading, combined with the development of forest floor horizons (litter, fermentation, and humus), are notable mechanisms responsible for this change in many ecosystems that historically had frequent fire (Hiers et al. 2007) . The fact that these communities occur adjacent to each other is intriguing, and underscores the importance of fire in shaping boundaries between the two. By maintaining fuelbeds that are very receptive to fire (i.e., niche construction), grassland fuel structures favor higherfrequency fire, ultimately limiting the recruitment of invading woody species into mature size classes (Higgins et al. 2000) .
Fuelbed differences across the oak structural communities (savanna, cluster, woodland) were more subtle than those differentiating grassland from invaded woodland, but still have important implications for fire behavior. Grassland and savanna communities did not differ significantly for several fuelbed metrics, sharing high herbaceous mass, low fuelbed bulk density, and low fuel moistures, suggesting that both are fire-facilitating, flammable structural communities. Similarly, Jackson et al. (1990) found little difference in understory productivity beneath blue oaks (Quercus douglasii Hook and Arn.) compared to adjacent grassland in the foothills of the Sierra Nevada, California, USA. Clonal oak clusters were intermediate between savanna and woodland regarding herbaceous, litter, and fine woody fuel mass, differing significantly only from grassland and invaded woodland for most fuelbed components (Figures 3, 4) . Differences in herbaceous mass among these communities (Figure 3 ) may be very important to variation in fire intensity, however, as indicated by the positive relationship between herbaceous mass and pyrometer temperature (Figure 6 ). Structural communities that enable greater herbaceous mass may promote elevated fire intensities; variation in fire temperature across this structural gradient could be understood in terms of a fire intensity regime (e.g., Govender et al. 2006) in which fuelbed-scale variability facilitates fire intensities that maintain specific vegetation structures. For example, elevated flammability exhibited in grassland and savanna structural communities could promote both frequent and relatively high intensity fire, thereby killing invading Douglas-fir seedlings and saplings.
Although fire temperature maxima did not differ significantly across structural community types in the Bald Hills (Table 4) , observed trends are congruent with recent laboratorybased flammability research. Ganteaume et al. (2009) found grass fuelbeds to be significantly more flammable than tree and shrub litter beds (e.g., pine [Pinus] , eucalyptus [Eucalyptus], oak [Quercus] , arbutus [Arbutus] , and holly [Ulex] species) in terms of ignition probability (greater), time to ignition (shorter), rate of spread (higher), rate of combustion (higher), and flame height (higher), suggesting that even small reductions in herbaceous mass result in substantially dampened flammability. Further, Douglas-fir litter ranked among the least flammable western USA conifers during laboratory burns conducted by Fonda et al. (1998) . While fuelbed-scale differences observed across structural communities are important in understanding the mechanisms driving variation in fire behavior, the implications for community persistence are intriguing.
For example, Guerin (1993) found that clonal oak domes in Florida lacked the well developed herbaceous and pine litter layers characteristic of surrounding longleaf pine-wiregrass (Aristida stricta Michx.) communities, making domes less likely to burn and more likely to persist in that community-a scenario somewhat analogous to Douglas-fir persistence in Oregon white oak woodlands.
Non-Native Plant Species Effects on Fuelbeds
Past work has shown that non-native species affect fuelbed properties (e.g., mass, moisture content, bulk density, structure) and fire regimes Gottschalk 2001, Brooks et al. 2004) ; however, the role of non-native herbaceous species, in regard to fuelbed alteration, is an unknown in Oregon white oak woodlands.
MacDougall and Turkington (2007) suggested that invasion of non-native grasses in Oregon white oak savanna in southwestern British Columbia, Canada, in conjunction with fire exclusion, increased grass litter fuel loads at their study site. Growth form of natives and non-natives must be considered in regard to fuel structure, however. Many native grasses in the Bald Hills are robust perennials (e.g., California brome, blue wildrye, California fescue), and if these have been replaced by wispy annuals (e.g., dogtail), fuel loads may be lighter, leading to lower fire intensities. In the Bald Hills, however, many of the non-na-tive grasses are robust perennials (e.g., tall oatgrass, orchard grass) and contribute to heavy herbaceous fuel loading. That significant alterations of herbaceous mass occurred across structural communities, despite highly variable understory species composition and cover, suggests that overstory structure may be more important than species composition in terms of fuelbed flammability, at least at the structural community scale. An exception to this hypothesis would be oak woodlands with an understory dominated by California fescue, a species Hastings et al. (1997) found to be highly flammable. The substantially inflated fuel loads we observed in fescue fuels (7.67 Mg ha -1 ) reveal a possible mechanism for this finding. The role of individual species in surface fire behavior is a topic that holds tremendous promise for further research, with obvious implications for ecological restoration and management (Kane et al. 2008) .
Management Implications
Managers faced with grassland and woodland restoration in long-unburned ecosystems are challenged in using prescribed fire alone as a management tool (Peterson and Reich 2001) . In the Bald Hills, fire weather prescriptions often ensure lower-intensity burns that result in little mortality of Douglas-fir taller than 3 m , requiring mechanical removal of larger trees. Research by Tveten and Fonda (1999) and Regan and Agee (2004) suggest that prescribed fires result in little mortality of overstory Oregon white oaks as well. Therefore, if managers desire to restore Douglas-fir invaded stands similar to those studied here (e.g., dominant Douglas-fir in the oak canopy) or to reduce oak densities, thinning or similar silvicultural treatments may be required to remove fire-resistant individuals. Thinning would expose the forest floor to sunlight, promoting lower afternoon fuel moistures and the eventual establishment of an herbaceous fuelbed ), although it is unclear how long the residual effects of the Douglas-fir overstory (i.e., organic forest floor fuels) will persist. Where prescribed fires are used to maintain oak woodlands and grasslands from invading Douglas-fir saplings, fireline intensities need to be elevated, particularly in areas with greater overstory basal area and lower herbaceous mass. Fire effects could be manipulated by altering firing patterns, changing season of burn, and conducting burns under more favorable fire weather scenarios (e.g., lower relative humidity, higher wind). Overstory structure must be considered in burn prescriptions, however, as results reveal that single prescriptions generate differential behavior across the diverse community structures.
In managed ecosystems such as the Bald Hills, where lightning ignitions are rare and fragmented landscapes prevent spread of these rare ignitions, managers are tasked with the maintenance of fire-facilitating ecosystems via prescribed fire and rare wildfires. Given the region-wide lapse in fire during the twentieth century and subsequent replacement of oak woodlands and grasslands with Douglas-fir forest, a substantial amount of restoration will be required to reestablish grasslands, lower density oak woodlands, and savannas. Initial efforts focused on the restoration of stand and fuel structure may be a prerequisite for longerterm management goals aimed at maintaining native species richness. 
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